IMPORTANCE Despite a growing recognition of the increased mortality risk among sepsis survivors, little is known about the patterns of end-of-life care among this population.
Introduction
Although sepsis is common, reductions in hospital mortality have led to an increasing number of survivors, 1,2 with more than 1 million patients being discharged after treatment of sepsis from United States hospitals each year. 3 However, sepsis survivorship often comes at a cost, namely reduced health-related quality of life, cognitive and functional impairments, 4 increased risks of hospital readmission, [5] [6] [7] and long-term mortality risk. [8] [9] [10] [11] Amid a heightened awareness of these long-term consequences, 12, 13 improving the quality of post-sepsis care has become a global priority. 13 Efforts to improve outcomes among sepsis survivors have largely focused on preventing or mitigating postdischarge morbidity and mortality. Nearly 1 in 2 sepsis survivors receive postacute care services, such as home health care, inpatient rehabilitation, and skilled nursing facility placement. 5, 14, 15 Yet, the long-term risk of death after sepsis remains high compared with hospitalized patients without sepsis. 7, 9, 16 Despite mounting evidence that sepsis survivorship is associated with increased mortality, little attention has been paid to the patterns of end-of-life care among this population. This is a particularly important evidence gap to fill in sepsis research considering the sustained national focus on improving the quality of end-of-life care for all seriously ill adults. 17, 18 Furthermore, as policy recommendations regarding optimal advance care planning practice and use of community-based palliative care services continue to evolve, [19] [20] [21] [22] it is important for sepsis survivors to be recognized as a potential population in need of these services.
In this national study, we assessed the risk of long-term mortality and end-of-life care among Medicare beneficiaries discharged to home health care after sepsis. Homes are common postacute care destinations after sepsis, second only to skilled care facilities. 5, 14, 15 Annually, approximately 200 000 sepsis survivors are discharged to home to receive health care services such as skilled nursing, physical and occupational therapy, and health aid visits. 15 Because home health care spending is projected to outpace any other national health expenditure over the next decade, 14 it is essential to evaluate outcomes among this population. In the present study, 1-year mortality rates were assessed and factors associated with mortality were identified from the sepsis hospitalization and the initial home health assessment, including functional assessments. The rates of hospitalization among the decedents in the last 30 days of life, in-hospital death, and hospice use, were assessed and characteristics associated with hospice use were identified. without organ dysfunction), 995.92 (severe sepsis), and 785.52 (septic shock), which were added to the ICD-9-CM codes in 2003 to improve accuracy of case identification. 26 Second, we used the implicit approach developed by Angus and colleagues 27 that requires an ICD-9-CM code for infection and end-organ dysfunction, which was initially developed using 1995 claims data and was subsequently validated using administrative claims from 2009 to 2010 28 and medical records from 2005 to 2009. 26 Beneficiaries had to be at least 18 years of age and have received at least 1 home health care visit within 1 week of discharge. Beneficiaries with additional health care use (hospital readmission, observation unit stay, and hospice admission) before their first home health visit and those without complete OASIS-C data were excluded from the study. Finally, we included only the index sepsis discharge to home health care in this sample to ensure independence of observations.
Outcomes
The 1-year mortality among all sepsis survivors and hospice use among decedents were examined.
The date of death was obtained from Medicare records and time to death was calculated from the discharge date of index hospital stay. The Inpatient SAF was used to identify hospitalization and intensive care unit (ICU) use within the last 30 days of life and acute care hospital as site of death.
Hospice enrollment and length of stay were identified using the Hospice SAF, with late hospice referral defined as a hospice admission date 7 or fewer days prior to the date of death. [29] [30] [31] 
Individual Characteristics
Medicare administrative data provided patients' demographic characteristics, comorbidities, and clinical characteristics from the index sepsis discharge, including the admission type (Medicare Severity-Diagnosis Related Group [MS-DRG]), ICU use, and infection source. To address underreporting in claims data, ethnicity and median family income in the county where the patient lived were obtained from OASIS-C and census data, respectively, and a diagnosis of Alzheimer disease and associated dementias was obtained from the CCW.
The initial OASIS-C assessment was conducted by a trained home health clinician at the start of a new episode of home health care within 2 days of hospital discharge for 81% of the cohort (n = 70 941) and within 7 days for the remaining sample (n = 16 640). More than 100 items were assessed, including activities of daily living (ADLs), instrumental activities of daily living (IADLs), living arrangements, cognitive functioning, sensory and behavioral status, disease signs and symptoms by organ system, frailty, and overall health status. 32, 33 
Statistical Analyses
Variables were summarized using frequencies and proportions for categorical data or means (SDs) and medians (interquartile ranges [IQRs]) for continuous data. Bivariate analyses were performed using a χ 2 test to compare patient characteristics between decedents and survivors. Survival data were expressed as medians (IQRs), and analyses were performed using the Kaplan-Meier method, with censoring of all patients who remained alive 365 days after sepsis discharge.
Two multivariate logistic regression models were built using forward selection to examine the independent associations between patient characteristics and 1-year mortality among all sepsis survivors and hospice use among the decedents. Candidate covariates were selected a priori based on existing literature and clinical expertise and included those variables with a 2-sided P < .05 in the final multivariate models. Variance inflation factor diagnostic tests were used to check for collinearity between covariates and those with a value greater than 10 were excluded from the final models. 34 Both final models included the following characteristics known before and during the index sepsis hospitalization: age, race/ethnicity, Medicaid status, comorbidities, 35 sepsis severity, hospital- In secondary analyses, we included only covariates with a bivariate association of P < .001 to avoid overfitting the models. The results of these parsimonious models remained unchanged; thus, the results of the full explanatory models are presented. Analyses stratified by the presence of a cancer diagnosis, which has previously been shown to be associated with in-hospital mortality and hospice referral among sepsis readmissions, were also performed. 8 For all analyses, given the large sample size, statistical testing was 2-sided with a significance threshold of P < .001, and results were preferentially judged by their clinical relevance. RStudio, version 3.3.1 (R Core Team), was used for descriptive statistics and statistical analyses. SAS, version 9.4 (SAS Institute Inc) was used for diagnostic variance inflation factor tests and Kaplan-Meier plot generation.
Results
The cohort included 87 581 sepsis survivors with Medicare insurance who were discharged to new home health care services between July 1, 2013, and December 31, 2013 (Figure 1) . Among 
Factors Independently Associated With Risk of 1-Year Mortality
In multivariate analyses, several factors were found to be independently associated with an increased risk of 1-year mortality ( Characteristics that appeared to be protective against mortality within the year after sepsis were age younger than 65 years, female sex, obesity, hypertension, and postoperative infection, or a surgical admission during the index sepsis admission.
The initial home health care assessment identified several additional factors that were independently associated with an increased risk of 
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Role of Cancer in Mortality and Hospice Use After Sepsis
In this cohort, 11 427 (13.0%) sepsis survivors discharged to home health care services had a cancer diagnosis. Among them, older age (Ն85 years: OR, 1.09; 95% CI, 0.95-1.23; P = .21) and the source and severity of sepsis were no longer significantly associated with 1-year mortality. Of note, dependence in multiple ADLs/IADLs (OR, 2.55; 95% CI, 2.01-3.23; P < .001) and an overall poor health status (OR, 2.98; 95% CI, 2.33-3.80; P < .001) after discharge remained independently associated. Among the 5965 (24.4%) decedents with cancer, age and sex were no longer associated with hospice use. Complete results from stratified analyses are given in eTables 3 and 4 in the Supplement.
Discussion
In this national cohort study, we examined risk factors for long-term mortality and patterns of end-oflife care among sepsis survivors who were Medicare beneficiaries and were discharged to home health care. More than one-quarter of patients died in the year following discharge, with most deaths occurring within 6 months. Two-thirds of the decedents were admitted to a hospital in the last 30
days of life where more than half received care in an ICU and 1 in 4 died. We also identified several patient-related, sepsis-related, and home health assessment factors associated with mortality and hospice use after sepsis survivorship.
The 1-year mortality rate among sepsis survivors in the present study is within the range previously reported in the literature. 9, 16, 36 Shankar-Hari et al 16 Finally, the present study focused on the Medicare home health care population, which tends to be older and sicker and more likely to live below the federal poverty level compared with general Medicare beneficiaries. 37 However, whether and how much home health care is associated with longterm sepsis survivorship remains unknown and warrants further study.
The present study's results support previous reports of older age, male sex, medical admission type, comorbidities, and cancer in particular, being important risk factors for long-term mortality after sepsis. 16, 38 Additional sepsis-related risk factors were identified, including severe sepsis, respiratory infection source, and ICU use. Such information may be useful to guide future efforts to develop and test risk stratification models among sepsis survivors, which may facilitate tailoring
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Long-term Mortality and End-of-Life Care Among Medicare Sepsis Survivors postdischarge care decisions. For example, the optimal intensity and timing of postacute care services 39 and follow-up with primary care clinicians 40 for sepsis survivors is unknown.
Several factors were identified on the home health care assessment after discharge that were associated with death within 1 year, independent of the foregoing patient-related and sepsis-related factors. Such factors included dyspnea at rest, 2 or more hospitalizations in the past 12 months, living in an assisted living setting, and an overall poor health status. In addition, similar to recent findings among Medicare sepsis survivors discharged to a skilled nursing facility, 41 
dependence in multiple
ADLs was an independent risk factor for mortality after sepsis in this home health care population.
Moreover, we found a high prevalence of uncontrolled pain and dyspnea after discharge, 2 of the most common reasons for emergency department visits and readmissions among chronically ill patients. 42, 43 29, 44 Among the decedents in this cohort, we found that approximately two-thirds were admitted to the ICU in the last 30 days of life, which is a rate nearly 3 times that recently reported among all
Medicare fee-for-service beneficiaries during a similar time frame. 45 Furthermore, ICU use during the index sepsis stay was associated with lower odds of subsequent hospice use prior to death despite being associated with significantly increased risk of mortality. Although this observational study could not determine causality, we believe that prior ICU use as a potential barrier to hospice enrollment is an important area for further exploration. It is possible that for patients who recently survived a sepsis hospitalization and often an ICU stay, patients, families, and clinicians alike may rely on that past performance to predict the future. 46 Such performance heuristics are common in medical decision-making, and often serve as a barrier to seeing the overall trajectory of functional decline that is common among patients with chronic illness. 47 Although the rate of hospice enrollment among the decedents in this home health sepsis cohort was similar to a recent report among a general Medicare fee-for-service population, 45 the median hospice length of stay in the present study was considerably shorter. This finding suggests a missed opportunity within home health care to improve end-of-life care, supported by the finding that the median time to hospice admission was 100 days from sepsis discharge. For example, patients with a diagnosis of heart failure, chronic pulmonary disease, or peripheral vascular disease in this cohort had considerably increased mortality risk, yet they were less likely to receive hospice care. Thus, earlier disease-specific interventions to improve end-of-life care in this population may be needed.
Limitations
This study has limitations. First, although this study offers an important first look at mortality risk and end-of-life care outcomes among sepsis survivors discharged to home health care, these results may not be generalizable to other sepsis populations, such as those discharged to home without home health care or those discharged to institutional postacute care. Prospective observational studies, designed to confirm whether functional and overall health status assessment are associated with mortality among sepsis survivors discharged to home, are needed. Second, given the inherent limitations of identifying sepsis survivors using administrative claims, future studies may benefit from sepsis identification from electronic clinical records in accordance with current international sepsis definitions. 48 Third, a comparison group of nonsepsis hospital discharges to home health care was not available to quantify how many of the present study's findings are directly attributable to sepsis vs other diagnoses with home health care. We were also unable to examine in this retrospective study whether the outcomes were mediated by types of home health care services received owing to unmeasurable indication bias. Prior studies have found mixed evidence for the efficacy of physical
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Long-term Mortality and End-of-Life Care Among Medicare Sepsis Survivors or occupational therapy after sepsis 49, 50 ; consequently, pragmatic randomized trials are needed. In addition, we acknowledge that patient preferences regarding end-of-life care were unknown for this cohort such that it was not possible to assess whether hospitalization near the end of life or dying in the hospital reflected goal-concordant care in some cases. 51
Conclusions
Improvements in sepsis care have led to an increase in short-term survival, yet long-term mortality rates after hospital discharge remain high. Many sepsis survivors have readily identifiable characteristics that are associated with an increased risk of death, which may help direct interventions that mitigate the high rates of aggressive and intensive care experienced near the end of life among this population. Further research is needed to understand the association of postacute care services with mortality risk and end-of-life outcomes among sepsis survivors.
